Repeated pairings of heroin and a context results in Pavlovian associations which manifest as heroin-conditioned appetitive responses and peripheral immunomodulation upon re-exposure to heroin-paired conditioned stimuli (CS). The dorsal hippocampus (DH) plays a key role in the neurocircuitry governing these context-heroin associations. Within the DH, expression of the pro-inflammatory cytokine interleukin-1β (IL-1β) is required for heroin-conditioned peripheral immunomodulation to occur. However, the role of signaling via IL-1 receptor type 1 (IL-1R1) has not been examined. Furthermore, it has not been evaluated whether the involvement of IL-1 in associative learning extends to classically conditioned appetitive behaviors, such as conditioned place preference (CPP). The first set of experiments investigated whether DH IL-1R1 signaling during CS re-exposure modulates heroin-conditioned immunomodulation and heroin-CPP. The second set of experiments employed chemogenetic techniques to examine whether DH astroglial signaling during CS re-exposure alters the same Pavlovian responses. This line of investigation is based on previous research indicating that astrocytes support hippocampaldependent learning and memory through the expression of IL-1β protein and IL-1R1. Interestingly, IL-1R1 antagonism disrupted heroin-conditioned suppression of peripheral immune parameters but failed to alter heroin-CPP. Similarly, chemogenetic stimulation of G i -signaling in DH astrocytes attenuated heroin-conditioned peripheral immunomodulation but failed to alter heroin-CPP. Collectively our data show that both IL-1R1 stimulation and astrocyte signaling in the DH are critically involved in the expression of heroin-conditioned immunomodulation but not heroin-CPP. As such these findings strongly suggest hippocampal neuroimmune signaling differentially regulates Pavlovian immunomodulatory and appetitive behaviors.
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Introduction
Repeated pairings between environmental stimuli and the subjective and physiological effects of heroin result in robust associative learning. The consequent stimulus control over physiology and behavior is integral to heroin addiction and has detrimental health consequences that represent a growing public health concern. Heroin-associated contextual stimuli can act as conditioned stimuli (CS) that trigger Pavlovian appetitive conditioned responses, including conditioned place preference (CPP) (Tzschentke, 1998) . Additionally, drugpaired contextual stimuli can act as discriminative stimuli or occasion setters that signal drug availability and thus engender drug-seeking behavior in instrumental paradigms (Crombag et al., 2008; Fuchs et al., 2008) . Regardless of the specific role of the contextual stimulus, the hippocampus is essential for context-drug associative learning (Kutlu and Gould, 2016) . In particular, the dorsal hippocampus (DH) plays a critical role in drug-induced CPP (Corrigall and Linseman, 1988; Meyers et al., 2003; Xia et al., 2017) as well as context-induced drugseeking behaviors (Fuchs et al., 2005; Fuchs et al., 2007; Ge et al., 2017; Xie et al., 2010) .
In addition to heroin-conditioned appetitive responses, heroin-associated contextual stimuli can elicit the immunomodulatory effects induced by opioids (Lysle and Ijames, 2002) . Heroin and other opioids negatively alter host immunity (McCarthy et al., 2001; Wang et al., 2011) . Following repeated context-heroin pairings, exposure to the heroin-paired CS is sufficient to evoke heroin-conditioned suppression of lipopolysaccharide (LPS)-induced peripheral immune parameters (Lysle and Ijames, 2002) . We have characterized this heroin-conditioned peripheral immunomodulation as a classically conditioned response that follows the principles of learning (Szczytkowski and Lysle, https://doi.org/10.1016/j.bbi.2018.07.024 Received 14 June 2018; Received in revised form 15 July 2018; Accepted 30 July 2018
